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Abstract

AIM: To investigate the contribution of periostin in
nicotine-promoted gastric cancer cell proliferation, sur-
vival, invasion, drug resistance, and epithelial-mesen-
chymal transition (EMT).

METHODS: Gastric cancer cells were treated with nico-
tine and periostin protein expression was determined
by immunoblotting. Periostin mRNA in gastric cancer
cells was silenced using small interfering RNA (siRNA)
techniques and periostin gene expression was evaluated
by quantitative reverse transcription-polymerase chain
reaction. Gastric cancer cells transfected with control or
periostin siRNA plasmid were compared in terms of cell
proliferation using the methylthiazolyldiphenyl-tetrazolium
bromide assay. Cell apoptosis was compared using an-
nexin V-fluoresceine isothiocyanate and propidium iodine
double staining. Tumor invasion was determined using
the Boyden chamber invasion assay, and the EMT marker
Snail expression was evaluated by immunoblotting.

RESULTS: Nicotine upregulated periostin in gastric can-
cer cells through a COX-2 dependent pathway, which
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was blocked by the COX-2-specific inhibitor NS398.
Periostin mRNA expression was decreased by ~87.2%
by siRNA in gastric cancer cells, and stable periostin-
silenced cells were obtained by G418 screening. Perios-
tin-silenced gastric cancer cells exhibited reduced cell
proliferation, elevated sensitivity to chemotherapy with
5-fluorouracil, and decreased cell invasion and Snail ex-
pression (P < 0.05).

CONCLUSION: Periostin is a nicotine target gene in
gastric cancer and plays a role in gastric cancer cell
growth, invasion, drug resistance, and EMT facilitated by
nicotine.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Gastric cancer is malignant and has a high occurrence. It
otiginates from normal gastric epithelial cells that undergo
various precancerous diseases, such as chronic atrophic gas-
tritis and intestinal metaplasia, and then eventually cancer'"’,

The relationship between smoking and gastric cancer
has received increasing interest. A large population epide-
miological investigation revealed that previous and current
smokers had a 43% and 57% higher incidence of gastric
cancer than non-smokers, respectively”. Therefore, smok-
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ing is the most important behavioral factor leading to gastric
cancet”. About 60% of tobacco components are carcino-
gens, including conjugated aromatic chemicals, nitric amines,
aromatic amines, trace metals, and nicotine!”. Nicotine is the
most active carcinogen in cigars, and has been shown to pro-
mote gastric cancer cell proliferation and neoangiogenesis
in vivo and in vitrd™. Nicotine activates f-adrenoceptors and
the downstream protein kinase C-f3, extracellular signal-reg-
ulated kinases 1/2, and cyclooxgenase-2 (COX-2) signaling
pathways in gastric cancer cells, thus promoting gastric cell
mitosis and proliferation[(ﬂ. In addition, nicotine contributes
to the invasion and metastasis of gastric cancer through the
activation of COX-2 and vascular endothelial growth factor
receptors in gastric cancer cells”. Therefore, COX-2 is an
important nicotine-regulated molecule in gastric cancer cells
and an important oncogene in the pathogenesis of gastric
cancer. Tumor invasion means that malignant cells penetrate
the basal membrane, migrate away from primary tumor sites
and invade surrounding tissues. Tumor invasion results from
the interaction between tumor cells and surrounding mesen-
chymal cells, leading to further spreading and the malignant
advancement of tumors. During the invasion of epithelial-
originated malignant tumors, the polarity of the epithelial
cells disappears and their migration and mobility increase.
Subsequently, epithelial cells are transformed into mesen-
chymal cells, which is known as the epithelial-mesenchymal
transition (EMT).

Periostin, or osteoblast-specific factor 2 (OSF-2), is a
newly discovered adhesion molecule that is over-expressed
in vatious tumors, including oral cancer, thyroid cancer,
breast cancer, and gastric cancer, and is correlated with
tumor invasion, distant metastasis, and angiogenesis[&m.
Periostin is a mesenchyme-specific protein expressed
and secreted by tumor mesenchymal cells. Transfection
and over-expression of the periostin gene in 293T cells
has been shown to cause EMT as well as cell migration,
invasion, and adhesion"”. Moreover, metastatic loci were
formed when recombinant cells over-expressing periostin
were transplanted into immune-deficient mice!”,

Although facilitation by nicotine of the invasion and
EMT of tumor cells has been confirmed by numerous
investigators[m, to the best of our knowledge, the rela-
tionship between nicotine and the EMT-marker periostin
has not been reported. We studied the expression of peri-
ostin induced by nicotine treatment in gastric cancer cells
in vitro, silenced the periostin gene using small interfering
RNA techniques and investigated the effects of nicotine
on the growth, apoptosis, and invasion of gastric cancer
cells. Our study suggested that periostin might be a down-
stream target gene regulated by nicotine in gastric cancer
cells and may significantly contribute to nicotine-induced
proliferation, metastasis, and EMT in gastric cancer cells.

MATERIALS AND METHODS

Reagents and equipment

The 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), annexin V-fluoresceine isothiocyanate
(V-FITC), propidium iodine (PI), nicotine, and the COX-
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2-specific inhibitor NS 398 were from Sigma (St. Louis,
MO, USA). The fetal bovine serum was from Sijichun Bio-
engineering Materials, Inc. (Hangzhou, Zhejiang, China).
The DMEM culture media was from Invitrogen-GIBCO
(Catlsbad, CA, USA). Vectors for periostin siRNA were
constructed by lab co-workers. LipofectAMINE-2000 and
TRIzol were from Invitrogen. The reverse transcription-
polymerase chain reaction (RT-PCR) kits were from
Treasure Biological, Inc. (Dalian, Liaoning, China). The
forward and reverse primers were from Shanghai Bio-
engineering Inc. (Shanghai, China). The flow cytometer
(FACS-440) was from BD Biosciences (Franklin Lakes, NJ,
USA). The inverted phase contrast microscope (CK-40)
was from Olympus (Center Valley, PA, USA). The gastric
cancer cell line SGC-7901 was from the cell bank of the
Shanghai Biological Institute of the Chinese Institute of
Science. The T4 DNA Ligase was from Takara Bio Inc.
(Otsu, Shiga, Japan) and the Boyden chamber was from
Corning Costar Corp. (Cambridge, MA, USA).

Cell culture

Gastric cancer cell line SGC-7901 was cultured in DMEM
media (high glucose) supplemented with 10% fetal bovine
serum, 100 U/mL penicillin, and 100 pg/mL streptomycin.
Cells were maintained at 37°C and 5% CO:z in an incubator,
and the culture medium was changed every 2-3 d. SGC-7901
cells were treated with nicotine at 200 ng/mlL for 24 h before
lysing for immunoblotting experiments. To determine if
periostin upregulation by nicotine was related to the COX-2
pathway, the COX-2-specific inhibitor NS 398 was applied to
SGC-7901 cells 6 h before nicotine treatment.

Construction, transfection, and screening of siRNA
plasmids

Targeting sequences (complimentary oligonucleotides) for
siRNA of periostin were designed from the human perios-
tin sequence (GenBank accession number NM_006475.2)
based on general design principles of siRNA. Forward
primers for U6 promoter amplification and reverse primers
(at bp 1306, 246, and 268) for periostin amplification were
used for 2-step PCR to amplify siRNA expression cassettes
at 94°C for 30 s and 72°C for 90 s over 40 cycles. PCR end
products were ligated with precut plasmid pRNAT-UG.1
and T4 DNA ligase at 16°C overnight. Ligation products
were transformed into competent Escherichia coli DH5q, fol-
lowed by blue-white screening, enzyme digestion confirma-
tion, and glycerol storage for gene sequencing at Shen You,
Inc. The pRNAT-UG.1-periostin plasmid with the correct
sequence was used to prepare and purify a large amount of
plasmid DNA.

The gastric cancer cell line SGC-7901 was recovered,
subcultured, and plated in 6-well plates at a density of 4 X
10°/mL 24 h befote transfection, such that the cells wete
90% confluent at transfection. SGC-7901 cells were trans-
fected with either pRNAT-UG.1-periostin siRNA plasmid
or pPRNAT-UG.1 control plasmid. Cells were observed
separately for the periostin gene and protein expression
by RT-PCR and immunoblots 48 h after transfection.
SGC-7901 cells with successful transient pRNAT-UG.1-
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periostin siRNA transfection and optimal periostin siRNA
were selected, and culture medium with G418 at 400 and
800 pg/mL was used for concentration increase screening,

RT-PCR for detection of periostin mRNA

Total RNA was isolated from SGC-7901 cells with differ-
ent treatments 48 h after transfection, and RT-PCR was
performed to quantify periostin mRNA expression nor-
malized against GAPDH. Five micrograms of RNA was
used to synthesize cDNA, followed by PCR.

The periostin forward primer was 5'-GCACTCT-
GGGCATCGTGGGA-3' and the periostin reverse
primer was 5-AATCCAAGTTGTCCCAAGCC-3'. The
GAPDH forward primer was 5'-CTGCACCACCAACT-
GCTTAG-3' and the GAPDH reverse primer was
5"TGAAGTCAGAGGAGACCACC-3'.

The amplicons for periostin and GAPDH were 132
and 407 bp, respectively.

The thermal profile of PCR for periostin and GAP-
DH mRNA detection was 94°C for 4 min over 1 cycle,
94°C for 30 s, 57°C for 30 s, and 72°C for 1 min over 33
cycles, followed by 72°C for 7 min over 1 cycle.

The PCR products were electrophorized on 1.5% aga-
rose gel in Tris-acetate-EDTA (TAE) buffer. The bands of
the PCR products were quantified by grayscale readings us-
ing a gel imaging system. The ratios of the grayscale read-
ings of the band for periostin »s those for GAPDH using
the same samples were calculated as the relative mRINA
expression of periostin. Periostin suppression rate (%o) = (1
- periostin mRNA relative expression in the pRNAT-U6.1-
periostin siRNA group/petiostin mRNA relative expres-
sion in pRNAT-UG.1 control group) X 100%.

Immunoblots

Proteins were isolated from SGC-7901 cells and the pro-
tein concentrations were determined. The proteins were
separated using sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) gels (polyacrylamide con-
centration 100 g/L) and electrophoretically transferred to
PVDF membranes. The PVDF membranes were blocked
with 3% BSA at 37°C for 1 h and probed with the primary
antibody mouse anti-human periostin, Snail (1:100), or
B-actin (1:1000) monoclonal antibody for 2 h. The bound
antibody was detected by horseradish peroxidase-conjugat-
ed goat anti-mouse IgG (1:5000) and enhanced chemilu-
minescence. The blots were washed with 1 X Tris-buffered
saline with Tween buffer for 10 min, 3 times between each
step. The density of the targeted bands was quantified us-
ing the Developer 100 Plus Imaging Analysis System.

Cell growth assay

The cell growth rate was determined using the methyl-
thiazolyldiphenyl-tetrazolium bromide (MTT) assay and
growth curve depictions. Cells with pRNAT-UG.1-periostin
siIRNA or control plasmid (2 X 10° cell/mI) were seeded
onto 96-well plates with 100 pL in each well, cultured with
DMEM media supplemented with 10% fetal bovine se-
rum, and observed for cell proliferation at 24, 48, and 72 h
after seeding;, For the cell viability and growth assay, 10 ul.
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of MTT solution (5 mg/mL) was added into each well and
incubated at 37°C for 4 h, and the reaction terminated with
a detergent solution to lyse the cells and solubilize the col-
ored formazan crystals. The supernatant was centrifuged
at 3000 t/min for 10 min to obtain a formazan pellet. The
supernatant was removed, and the pellet was dissolved
completely with 100 uL. DMSO and observed at a wave-
length of 570 nm using an ELISA plate reader.

Cell apoptosis assay

Cell apoptosis was analyzed by annexin V-FITC and PI
double staining, Cells with pRNAT-UG6.1-periostin siRINA
or control plasmid were evaluated for apoptosis after 24,
48, and 72 h of culture. From each well, 2 X 10° cells were
harvested, and the supernatant was collected by centrifu-
gation at 2000 r/min for 5 min. The pellet was washed
with PBS buffer once, resuspended in 100 pul. 1 X binding
buffer, supplied with 2.5 uL. annexin V and 5 pL PI (final
concentration of 10 ug/ ml), incubated for 15 min in the
dark, and assayed for cell apoptosis by flow cytometry.
The results were analyzed using Lysis software.

Tumor invasion assay

The Boyden chamber invasion assay was used to evaluate
the ability of tumor cells to invade. Tissue culture plates
with 24 wells and Transwell filter membranes were used for
the expetiments. Cells with pRNAT-UG.1-periostin siRNA
or control plasmid were cultured in the presence or ab-
sence of nicotine for 4 days, harvested at 3 X 10°/mL, and
seeded onto the upper part of the Transwell chamber at
100 pL/well. The basement membrane matrix preparation,
Matrigel, served as the matrix barrier and the lower part of
the Transwell chamber was filled with 500 ul. of culture
medium as a chemoattractant. The chamber was kept at
37°C in a 5% COzincubator for 24 h before regular fixation
and Trypan blue staining. The cells on the upper surface of
the filter membrane were removed with a cotton swab, and
the number of cells migrating through the membrane was
determined. Three parallel membranes were counted for
each condition. The number of cells migrating through the
Matrigel was normalized to those through the non-Matrigel
to obtain an index of relative percent migration, indicating
the ability of tumor cells to invade 7 vitro.

Statistical analysis

Statistical analysis was performed using commercially
available software (SPSS version 14.0). Data are present-
ed as the mean  SE. Means of 2 groups were compared
using the Student’s # test (unpaired, two tailed). Means of
more than 2 groups were compared using one-way anal-
ysis of variance (ANOVA) followed by post-hoc testing
using the Least-Significant-Difference test. P < 0.05 was
considered statistically significant.

RESULTS

Nicotine induced periostin upregulation in gastric
cancer cells via a COX-2 dependent pathway
Immunoblotting showed that 200 pg/mL nicotine at
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Figure 1 COX-2 inhibitor NS398 showed inhibitory effects on nicotine
(200 ng/mL)-induced periostin expression after 24 h of treatment. COX-2-
specific inhibitor NS398 (10 umol/L) was applied to SGC-7901 cells 6 h before
nicotine (200 ug/mL) treatment. A: Western blotting bands of periostin protein
in four groups of gastric cancer cells; B: Quantification analysis demonstrated
significantly higher relative expression of periostin in the nicotine group than in the
other three groups (P < 0.05). Notes: CON: Control; Nicotine: Treated with nico-
tine; NS398: Treated with COX-2-specific inhibitor NS398; Ni + NS: Combined
treatment with nicotine and NS398.

24 h significantly upregulated periostin protein expres-
sion in SGC-7901 cells, suggesting that periostin could
be a downstream target of nicotine in gastric cancer cells.
Pretreatment with the COX-2-specific inhibitor NS 398 al-
most completely blocked the upregulation of periostin by
nicotine in SGC-7901 cells. NS 398 also reduced periostin
protein expression in the absence of nicotine in SGC-7901

cells (Figure 1).

Effects of periostin siRNA on its mRNA expression

The mRNA level of periostin was significantly reduced in
all groups (S1-S4) and was most evident in S2 at 87.2% s
the plasmid control, suggesting that the periostin gene was
successfully silenced by siRNA. SGC-7901 cells with suc-
cessful transfection of the siRNA S2 plasmid were further
screened in culture medium supplemented with increasing
concentrations of G418 at 400 or 800 ug/mL. The stably
silenced cells were finally maintained in culture media with

400 pg/mL G418 (Figure 2).

Inhibitory effects of periostin siRNA on nicotine-induced
gastric cancer cell proliferation

SGC-7901 cells with successful transfection of the control
plasmid (siRNA-C) showed slow growth in the MTT assay,
but growth was significantly accelerated by nicotine treat-
ment. SGC-7901 cells with successful transfection of the
periostin siRNA plasmid (siRNA-P) showed much slower
growth s siRNA-C under both the basal and nicotine-stim-
ulated conditions. Additionally, siRNA-P showed increased
proliferation in response to nicotine stimulation, indicating
that nicotine-induced cell proliferation could not be fully
blocked by silencing petiostin in SGC-7901 cells (Figure 3).
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Figure 2 Relative expression of periostin mRNA 48 h after transfection
by siRNA plasmid. The silencing effect of the transfection of periostin SiRNA
plasmid in SGC-7901 cells was confirmed by quantitative reverse transcription-
polymerase chain reaction 48 h after transfection. Four representative results
are shown (S1-S4). SIRNA-C indicates gastric cancer cells with control plasmid.
Control indicates gastric cancer cells without transfection. *P < 0.05 vs control.
The Y ordinate indicates the ratio of periostin mMRNA normalized to that of
house-keeping genes. Notes: siRNA-S1, siRNA-S2, siRNA-S3, siRNA-S4: four
representative results of periostin siRNA transfection; siRNA-C: vacant siRNA-
control; control: SGC-7901 cells without transfection.
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Figure 3 Periostin siRNA inhibited nicotine-promoted cell growth in gastric
cancer cells. SGC-7901 cells with stable expression of sIRNA-periostin (SIRNA-P)
and vacant siRNA-control (siRNA-C) were treated with nicotine. Cells were then
lysed to analyze cell viability using the methylthiazolyldiphenyl-tetrazolium bromide
assay at 0, 24, 48, and 72 h of treatment, and growth curves were constructed.
The viability of the siRNA-C+nicotine group was significantly higher than those of
the other three groups at the 48 and 72 h time points (P < 0.05), which is indicated
by “a”. Notes: siRNA-C: vacant siRNA-control; siRNA-P transfected with periostin.

Stimulatory effects of periostin siRNA on chemotherapy-
induced apoptosis of gastric cancer cells

SIRNA-P showed higher sensitivity to 5-fluorouracil (5-FU,
50 mg/L) treatment than did siRNA-C, as revealed by
flow cytometry. After 24 h of 5-FU treatment, the apop-
totic rate did not differ between the two groups (4.36%
s 6.06%, siRNA-P »s -C). However, after 48 and 72 h,
siRNA-P had a significantly higher apoptotic rate than did
siIRNA-C (13.3% w5 22.1%, 20.5% vs 39.7%) (Figure 4).

Effects of periostin siRNA on invasion and the expression
of the EMT marker Snail in gastric cancer cells

SiIRNA-P showed a significantly lower index of invasion
(21.8% £ 4.11%) than did siRNA-C (55.4% * 2.64%), in-
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Figure 4 Periostin siRNA increased the sensitivity of gastric cancer cells
to 5-fluorouracil-induced apoptosis. SGC-7901 cells with stable expression
of siRNA-periostin (SiRNA-P) and vacant siRNA-control (siRNA-C) were treated
or not with chemotherapy agent 5-FU. siRNA-periostin significantly increased
the sensitivity of 5-FU treated gastric cancer cells both at 48 h and 72 h (°P <
0.05). Notes: siRNA-C: Vacant siRNA-control; siRNA-P: Transfected with peri-
ostin; 5-FU: 5-fluorouracil (50 mg/L).
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Figure 5 The effect of periostin siRNA on the ability of gastric cancer cells
to invade. SGC-7901 cells with stable expression of siRNA-periostin (SiRNA-P)
and vacant siRNA-control (siRNA-C) were treated with nicotine and evaluated
for cell invasion using the Boyden chamber invasion assay.

dicating that silencing of periostin can reduce the capabil-
ity of gastric cancer cells to invade. Similarly, with nicotine
treatment, siRNA-P also showed significantly less invasion
(29.5% % 3.11%) than did siRNA-C (29.5% £ 3.11%)
(Figure 5).

The expression of the EMT marker, Snail, was deter-
mined in siRNA-P and siRNA-C by immunoblotting. The
Snail protein was significantly decreased in siRNA-P com-
pated to the siRNA-C group, both in nicotine-treated and
nicotine—untreated groups. Nicotine treatment significantly
increased Snail protein expression in siRNA-C, but not in
siRNA-P (Figure 06).

DISCUSSION

We observed that nicotine can upregulate periostin protein
expression in gastric cancer cells in a COX-2-dependent
pathway, which can be blocked by the COX-2-specific
inhibitor NS 398. Periostin mRINA expression was signifi-
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Figure 6 The inhibitory effect of periostin siRNA on nicotine-induced
Snail protein expression. A: Western blotting bands of Snail protein in four
groups of gastric cancer cells. B: Relative expression of Snail in the above
four groups. Nicotine significantly increased the relative expression of Snail
protein in gastric cancer cells (P < 0.05). However, there were no significant
differences in Snail expression between the siRNA-P group and the siRNA-
P+nicotine group (P > 0.05). Notes: siRNA-C: vacant siRNA-control; siRNA-P:
Transfected with periostin; Ni: Treated by 200 ng/mL nicotine.

cantly decreased by 87.2% in siRNA-P, which was stably
silenced with G418 screening. Cell proliferation in siR-
NA-P was significantly inhibited compared to siRNA-C.
Nicotine can promote gastric cancer cell growth, which
can be partially blocked by periostin siRNA. Furthermore,
siRNA-P had a significantly increased sensitivity to apop-
tosis induced by the chemotherapy reagent, 5-FU, com-
pared to siRNA-C, especially after 48 and 72 h. Nicotine in-
creased the ability of gastric cancer cells to invade 7 vitro,
and siRNA-P showed decreased invasion in the presence
or absence of nicotine compared to the controls. EMT
is an important underlying mechanism used by epithelial
cancer cells to invade and metastasize. We found that
the EMT marker, Snail protein expression, decreased in
siRNA-P »s siRNA-C with or without nicotine treatment,
indicating that periostin expression could be required for
EMT in gastric cancer cells.

Our study revealed that periostin expression was con-
trolled by nicotine. As the most active carcinogen in tobac-
co, nicotine is well known to promote lung cancer, and its
relation to other types of tumors has come under increas-
ing scrutiny. Nicotine has been shown to activate COX-2
in gastric cancer cells, which is related to the growth, sur-
vival, invasion, and metastasis of gastric cancer cells™™.
COX-2 is also an important prognostic factor for gastric
cancer. The higher the expression of COX-2 in gastric
cancer cells is, the worse the prognosis is™"™. We also found
that the regulation of periostin by nicotine was COX-2 de-
pendent. Inhibition of COX-2 almost completely blocked
the upregulation of periostin by nicotine, and inhibition of
COX-2 itself downregulated periostin expression in gastric
cancer cells. These findings indicate that the regulation of
petiostin by nicotine is completely COX-2 dependent and
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that periostin expression is partially dependent on COX-2
in gastric cancer cells. Currently, there are only a few re-
ports on the relationship between COX-2 and periostin. It
has been shown that activation of the signaling molecule
Wnt can concurrently upregulate COX-2 and periostin in
mammary epithelial cells"". That both COX-2 and peri-
ostin are expressed at the same time in gastric cancer cells,
along with the relationship of COX-2 to the prognosis of
gastric cancer, warrants further investigation to determine
whether periostin can serve as a prognostic indicator for
gastric cancer.

Our research indicated that periostin gene silencing
could significantly increase the sensitivity of gastric cancer
cells to 5-FU. A hypoxic environment has been shown to
upregulate periostin expression and promote cell survival
via activation of the downstream Akt/PKB signaling path-
way in non-small cell lung cancer cells™. In pancreatic
cancer cells, periostin promoted resistance to hypoxia-
induced apoptosis through binding to integrin on the cell
membrane and activation of the downstream PI3K-AKT
signaling pathway, which promotes cell survival'?. At diag-
nosis, patients with gastric cancer usually have micro-me-
tastasis of gastric cancer cells into non-gastric areas, such
as the liver, abdominal cavity, bone marrow, and peripheral
circulation! ™", Chemotherapy that does not completely
remove these latent cells leads to distant metastasis and
the recurrence of tumors. This indicates that tumor cells
with metastatic potential may have resistance to apoptosis,
and petiostin could be an underlying mechanism used to
promote invasion, metastasis, and drug resistance in cancer
cells #ia a complex intracellular signaling network.

Our findings suggest that periostin expression is re-
quired for the EMT of gastric cancer cells. Periostin is a
mesenchyme-specific gene121J expressed and secreted by tu-
mor mesenchymal cells”” and associated with the EMT of
tumor cells. In fact, EMT induced by nicotine has been the
subject of numerous publications. Nicotine-induced cell
invasion and EMT has been shown to telate to the nico-
tinic acetylcholine receptors on the surface of lung cancer
cells**¥, Nicotine was recently shown to induce EMT in
gastric cancer cell lines through the activation of 5-lipoxy-
genase™. During EMT, epithelial markers decrease, mes-
enchymal markers increase, and periostin mainly resides
in mesenchymal cells®. It could be that nicotine-induced
periostin upregulation results from EMT, leading to fewer
epithelial cells and more mesenchymal cells. However, our
results showed that in gastric cancer cells with the perios-
tin gene downregulated by siRNA, there was significant
downregulation of the EMT marker gene, Snail, with nico-
tine treatment, along with the inhibition of cell growth,
drug resistance, and tumor invasion. This suggests that
periostin changes in gastric cancer cells are not a result of
EMT and that, instead, periostin contributes to EMT viaz a
specific pathway.

In this /n vitro study, the concentration of nicotine
was 200 ng/mlL, this was chosen as the most approptiate
concentration from our preliminary results. In smokers,
venous nicotine levels range from 5 to 15 ng/mL, which
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is much lower than the level used in our 7 vitro study®".
Nicotine, which can be absorbed iz respiratory tissues,
the skin, and the gastrointestinal tract, takes part in the
initiation and promotion of carcinogenesis in the gastro-
intestinal tract. Because this is a gradual process, a lower 7
vivo nicotine concentration could enhance the detrimental
effects of other carcinogens over a long period of time. In
fact, the 7n vitro effects of nicotine on periostin expression
were only observed up to 24 h in this study. Whether this
effect is longer lasting will be investigated in subsequent iz
vivo animal experiments.

In summary, we showed that periostin is a nicotine-
regulated gene that contributes to nicotine-induced cell
growth, drug resistance, invasion, and EMT in gastric
cancer cells. These findings may lead to a new target for
the prevention of nicotine-induced gastric cancer.
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COMMENTS

Background

Gastric cancer has a high occurrence and its relationship with smoking has
been a focus of recent research. As the most active carcinogen in cigars,
nicotine has been shown to promote gastric cancer cell proliferation and neo-
angiogenesis in vivo and in vitro. Periostin is a mesenchyme-specific protein
that is over-expressed in gastric cancer cells and is related to invasion, distant
metastasis and angiogenesis in many tumors.

Research frontiers

During the invasion of epithelial-originated malignant cancers, the polarity of
epithelial cells disappears along with an increase in migration and mobility, which
is known as the epithelial-mesenchymal transition (EMT). Nicotine can enhance
invasion and EMT in various tumor cells; however, the relationship between
nicotine and EMT-marker periostin has not been unequivocally addressed. In this
study, the authors demonstrate that the expression of periostin can be induced
by nicotine treatment in gastric cancer cells and that proliferation, drug resistance
and invasiveness in gastric cancer cells is induced by nicotine.

Innovations and breakthroughs

Recent reports have highlighted the importance of the EMT and its related
molecules, including Snail, in gastrointestinal carcinogenesis and progression.
In gastric cancers, EMT is enhanced. This is the first study to report that EMT-
related periostin is upregulated by nicotine in gastric cancer cells. Furthermore,
The authors’ in vitro studies suggest that this protein may be the cause of the
proliferation, drug resistance and invasiveness induced by nicotine in this cancer.
Applications

By understanding how periostin is induced and by silencing its expression, this
study may represent a future strategy for therapeutic intervention in patients
with nicotine-associated gastric cancer.

Terminology

Periostin and Snail are proteins involved in a process called the EMT. EMT
occurs when epithelial cells lose polarity and increase migration and mobility.
Such a mechanism is crucial in the invasion and metastasis of many epithelial-
originated malignant tumors.

Peer review

The study is entitled “Enhanced proliferation, invasion, and epithelial-mesen-
chymal transition of nicotine-promoted gastric cancer cells by periostin” pres-
ents convincing evidence for the effect of nicotine on the induction of periostin
and its effect on EMT of gastric cancerous cell lines.
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